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Abstract of JP 2002205180 (A) 
PROBLEM TO BE SOLVED: To provide a method 
for laser beam machining, by which a molten point 
or a crack deviant from a planned cutting line on a 
surface of the work to be machined is not generated 
and the work to be machined is accurately cut. 
SOLUTION: A property modification zone is formed 
inside the work 1 to be machined by irradiating the 
planned cutting line 5 with a pulse laser beam L by 
placing the focal point inside the work 1 to be 
machined under a condition that a multiphoton 
absorption takes place. By cutting the work 1 to be 
machined along the planned cutting line 5 originated 
at the property modification zone, the work 1 to be 
machined is cut with a comparatively small force.; 
When irradiated with the laser beam L, the pulse 
laser beam L is scarcely absorbed on the surface 3 
of the work 1 to be machined, thus the surface 3 is 
never melted due to the formation of the property 
modification zone. By changing the location of the 
focal point of the laser beam L in the incident 
direction of the work 1 to be machined, a plurality of 
the property modification zones are formed along a 
line in the direction of the thickness of the work 1 to 
be machined. 
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JUX«l*«*.li1 ns]>ATtm^L< . 1 psJ2nF#S &f= 

S420 I>— if»anXflf3£*|iX* (1997 
^. 11fi) 0)11 0 5l~f 1 1 11© r7iAh© 

[0 0 3 5] ISl±©J:5r=**lt»«»zJ:*Lfi. ttKB 

Bi±inx»ft4ftizBat*3ixs U— *f*<DJfflX»*«I^<D 
AS* * 14 1 z felt h U— If <r> itm £ SE £ d k 

[oo3 6] afta>ajMw*»*i=-3ixT*^^^iiJgi 
x*a*«i*TinxswMii i (Di^ai^-ocD^ =?v9m 

«9 A^«**L/=Jnx»**i 1 <D»«BT?fc-5o 
[0 0 3 7] XO^^^^««9^«35S6(=OU"Ctt* 

i=B»ts. **\ /^uxu-iwtLojiiflfcjflsapxa 
*»i o>w»fl!)Kffi2 n*ififc^t>L. mm^^-o 

5 f=»oT«*aS*»*i±«c^61nx»**i 1 fc/^u 

OA) 35<«»^S^-f >5^»orinx*fft«iii ©rt 
«P0)XB2 1 tfjS:lzi&f$.£tL& 0 mz % /^XU- *f3fe 

U «MrME5-f >5t»ot«ta«MI4#fty6 

Aax»ft«9 1 i=/<^x u— <f jiu.£iitrr«. ^comm 

f=*«. *7?9{ftt9 (9B) «C«DaPP«9^>5|C 

»?tftztttk 1 onSonattiBizMi Hi. 
[0038] fit, Hi 5(z^^-^-5(c % 9 9?9fll 

IW77*9 1# % ^^^<?«J*9A^&*iS2 1 -JS 
fik *5s/£««9A (9B) 3^6^5^^««9B (9 
A) ^5^^««9BA^&«ffi3 35lRHc**t-etLe 

ftlcj** 1 *"*. dHfCcfcy. «Bf^*^-f >5|C»ofc 

jpx»a* 1 a>*^.*iR»-* < mzstz<? =jv$9 

^ira^ifc(txttmijnf^ci:^< e«r=inxSMMiM 
*«»rP*5 -f > 5 1» o T«Kr « c tfT* * £ o 

[003 9] ia±o>cfc5ic*giiig»tli3j:*Ltfaaa)^ 
v^HO Zkiz&i) JnxStfjWfc 1 etDK 



■*-4»0M4:44«Bf*»^LT^*. tot, #31 
J:*LtflOX»*ft 1 a>»^3&«Jt«ft**L^*S' 
*imx»JMS i (DtfMtft ^ * $ 9 0=>v 
59 1tfJftSU=<l****f::£lvc* % ftxttfefei 

[0 0 4 0] XO(0^^-;/7««9KI+"ett«IBf 
#HB&»^ =.-D&L±G>*?*j9ffl*Q&»l&-*&o 

t/^«*9Bfc(0IBI=^g^^««9C*»«f*« * 
10 fc, U— tfft©Aat*«<t6liHl 7|zS-i-*5 f^iPX 

t'tio 

[0041] **aHMSf=fei^r. 4Kft4>£7y£fltt 
9 1*. /\;uxu— 1f*L36<A»-rSJPX»ai|Si(3!>Aatffi 

#*Ll\, Mz-ltmi 4|:fe^Ts ftf::£7?9flMt9 
AtML, *0)*W57^«|9B»«t4 Q Alt 
S(3»Lrifil^3^&lHfc^^^^««9S3Kfi6-r* 
«r=^«**L*^^!y^«j«9»fiKBtlzBB»**t-S 

^I^MtSChA^tft^o Z+UcStLT. AWB 
«=»L-C3*l^3^&«II=^^!y^«lgl9S»*r«^± 

[0 0 4 2] fiU *3M£»ffifCfeL^T. SHR©*^ 

30 ^«*9a>»«j«»f*jiiBf=H***ir. *px^i0 
xmmiztt Ltfit^ t>n^^ lt**l^u £fc 

if Hi 6^z:^^t^r. *-f>7^*««9C*»*L, sfe 

M7-^««9B»*U if3fc(0A«*filSE 
»^LT»aiz^^^^««9A*JKfit-rS<Dt?fc-6 0 

[0043] ftfi. «*a>*mw»*i=o^-c. 

40 :t^fis B 

[0 0 4 4] ***»«f=«* u— »f Jnx»ttic 
fl6ffl*H4u— ifirax^BO— ^fco^TtftBjif So H 

1 SttCflDU— -tfJPX^Sl OOflDffiK«j£0T*fe£ o 

u— ifinxSS looit u— if *L**4-r * u— If 

*sioit, u— if*La>maj^/<;ux«w*Ba-r 
ifc&izu— if*Bi o 1 L/— if«Btu»« 

102t U-1f ^LcORIt^gg^W L*o U— If 3tL0) 

7^57-1 03t s ^9P-f7957- 1 0 
50 »**tfc U-1f 3feL^ i*7tffl U>X 105^ 
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0 7 ^Xift^lSHc^K^-ar^fctoOTXtt^-x— v? 1 O 9 

i£ffi£M o7tx«*Ai=*3tr«mfrfli::fHtt* 

-t±-Sfci&©Yttx-T-i> 1 1 1 <k, ttS^ 1 O 7 ^XfflJt 
iPr^lS] l-fi^-T SZtfc&R f=g*M * -Hr* fc to©Z|ftX 
T— i? 1 1 3 <t, CtLt>H-0(7)X-T— v 10 9,1 1 1 , 

1 1 3©*tt*M»-*-*XT-5?*MiP»l 15t, 

[0045] b—1ftteSE 1 0 1 (i/^UX tF3fc**£ 10 
f &Nd:YAGU— +fTffc«. U— Vft* 1 O 1 l-fBl^C 
fc]6«-e*4U— !ffcL"C, CCDffi. Nd:YV04U— +f-£>Nd: 
YLFb— tWfc&o 
««^*lt»31«J**»*-r*a«. NdiYAGU— tf. N 
d:YV04 U— If. Nd:YLFU— If SffiL^(OA<»a-Cfc-&o 
Bft*X4b«i*£&J3»-&4^ f^>«7^7b- 

[0 0 4 6] *ftjaP(DXCY)H*fiia>lMllf*. 

fen jxooaxt-vi 09 (i 1 1) icj^jxcotb* 
^f^iS^^^z^iz^y^TOo zifcfrraiiinxMfttt 20 

7=-— i?i 1 3 %mjjm~&mzitz> zti^&y, *px 
-e^^o o*y. z$ax-r— s?i i sfc^yjnxstfM 

frizzy. «iLtt, *3fcjSP£ifllXSM 1 ©ff^&ft 
f=fiL^T»^0)*»(Dfit«J:yA»ffi («■ 3) l=ifil* 

BlfflSLfcy^-&CfcA^#-6o ftfc. *ML/>X1 0 30 
[0 0 4 7] Z$ftX^— vlC<J:&llPX&M<D 

HI 2 o * st>xR«t*. **lfi»»-cttJnx»ft 

feKDB^filfcfeltSU— 1f*©JH*jaO)tt«*. *PX 

»M®S9 (Alt®) LT»x*Mfe*M>w» 

©Wafl>tt«r=»tf LTl*«. mi 9l*U— 1f*L(D» 
U>X1 0 5fcftltTz^K$1±££. Sl*£PI±SM3 

3^6*x»**ia>rt»rz»tt-r*. aofejftP©inx» 

f=^«ftlX*MMft 1 0>BSr*"e*&) o £oT. U— 
if*Lr=^410X»Ml a>B«***lILTZ»l^-r 

— ^*»»*-&*cfcfc±y, mxswt* i 

|cj3C+*JR3ft£P0)tt«*«»-r«^i:A<-C** o o£ 

y . jR3fej5Pa)iioxaft* 1 omttfai~}$t+&mm<D 
tt«*«B3^6apx«jfcft.ia>n«*-ca)jE« ow so 



^■r^o C(D5£Si (Nz) t±EB«* (N) tRtSC 
fci=*y»&jh.fc«»* (z) «tt % Jnx»**i £)5 

*jap***>#*ci3w-c#«o 

[0048] u— ifJPX^Sl OOfi$t>|C % §1^1 

0 7lz«S**tt=iPXS*Ml CRT4UfcMl=J:yira'r 

39—1 03jtf**ffiu>xi ostHi: 

1 0 5 b<DWU~#<{2n4 5^—1 0 3 36<E«**l 

*s»L»ya>*#*M^4«ii6**L^owa*i* 
#<<y$n-f <y*s9— 1 o3atfjii3tfflu>xi 05 

*aatU JnxaftttlOWBf^SE^-OS****?* 

[00 4 9] jpx^e 1 ooi** e>iz. tf — ax 

V* 1 1 9. ^^P^f^^57-1 0 
ffi U>X 1 O 5 t n C*»±l=Elt**Lfcli<fc** 1 2 

X ItM tL it CCD (cha r ge-coup led dev i ce) ± * =5 0 
ttK*K9^>5««t?»H3*«W-LfcWa*«a) 
J5l*3fe(±. 3l5fcfflU>Xl 0 5, ^^P-f7^57- 
10 3. t-AA^'J^^1 $S<tU>X 
1 2 3-C«»4ftt«tt?1 2 1 T***4*L % »*T 

[0050] U-^oxgH ooij:$bl:, liflMRT- 

1 2 1 3^6m**HfcWk^— ^jwa**^*^^-- 

^ fiiSSP 1 2 5 t . U-if JUPXgM 1 o o ±&&mw-f 
Z>±&MfflUl zi =z~$ 1 2 94:. £«Sx.£o « 
«-r— *«3B»1 2 51*. HfllT— *S»f-LT«»ffl 

mi i 7-e»±LfcRra*a)«ja35<aB3Jifc**)-t± 

LtXf-9W»1 1 S^ZttXir— i>1 1 3««n 
M*-r«C4:l=J:y % V«jKa>Mflt«B3l=*3J:? 

-*XZL-^ hfcLT«*t*. RT«#a>*jft4«aflff3 
[:ttit^ZllXf-i?1 1 3 0<iMlcfcL>r. U— 9 s 
*LflO«*jflLP**ffl 3 fcteM-r « cfe 5 K U— If iPX^S 

ii*M**tr^a. m&r—*nm»i 25 
1*. »«Sf=L a cM3 0)tt*m«a)iiriR7 t 

[O O 5 1 ] ^fttttSlS 1 2 X-x— ^JSPgiJ 1 
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mmm^i 02. mmmnt%i-\ 1 7&zf^—wmu 

1 1 5£*Jta-r-5Ci:fc ( fcy s U-if»X^M1 oo± 

hiL-C^-T^o £tMf»fln 27 

(4. ii 9Sii:Bl2or'lttBjLfc^lliM (z) 0f-f 

[0 0 5 2] Jfel-. ^ 1 8Mi2 1 ^/Bl^T. *HtS 

[0 0 5 3] 7JnX*rg>ft1 ©3fcl»l|R!8tt£|ItfSL 

l»T, taXtt*&1 l=#LTi8IIIfc&fiXI4ffl^©il>fc 
txjfi[fifl)U— tfjfeL^SI^-rSL — -tf*Ji1 O 1 

-r-s (si 01) . jqi»*#m©** 

r. mx^tifei 1 oimsfon&mm. (z) ttttt 

(S10 3) o C+lli % U— tf3tLfl>^3fe*PA<AJX^ 

ft 1 a>rtaji={4e*ii-sfc«)i=. t&TMntfa 1 a>*rs 3 20 

fcfiS^f -5 U— if*!-©*******: LfclPIJtl* 

1 <oz^in!0[)^iiiST?fc.5 o o*y % jnx*tsiftia> 

J»^l^llzfel+SJfe3tjSP©feSi6<*3£$*i-5o *3fe£P 
<©&gl4&X*tStft1<©J?<5F, »K***J«L-CftSt- 
■5. *5i!£}fc«S-c-l47JDX*tfift i a>rttfa>SB{*3£l::& 

3t^p^i4S*-i±-5fc«>©m 1 &mm(DT— $ isi3 

#iEI=«3lltjftP* feS * i* -5 fctoOH 2 SMCar— 2 

<D?£tba<7>^— £ l4£<**iJ*Spgp 1 2 7 icA** 4x-S„ 
[o o 5 4] Jrax&tift i £u— tfflnxggi oo(0i 
M-£M 0 7|z^-T-5„ fLT, 1 7 An 6 

^mft&$£±£-&ximT.*imyi-izmm-tz <sio 

5) . gSBJ$tL7=«)®f^^^-f>5*^trADX*fm!|ai 

©i®3?i«i^i 2 ii=*y»«-r*o -oa^ir 

— $ (zS-^TS&t-* «!lSg|5 1 2 5 (4S^ffi3te3S 1 

csi 07) „ 40 

[0055] Z.<Dm&T—f i±7.7—vmm%L 1 1 5IC 
i£t>;h.-i>o X5 1 — S?«iHj*»SP 1 1 514, Z<t>gu£-r— 
»cLTZttXir— 5?1 1 3 &Zmj5ftO>®Wl2ii:Z (S 

1 0 9) . ZftlCfcy, *S!gfflftlS1 1 7©RrS3fe©m 
Atf£Bi3|::4Mtt-«. Z$iXiF— i?i 1 3©Cfflfii 

s^ticfc*. m.m.*r—$9mm-\ 2 5i4«&-r 

0«®3<75S£^®^^-^^;Hl[-r-5o Z.<J>&±W&<T 
— $[±-kW1fimni 2 7^1^-$ 1 2 9|zj£e> 50 



[0 0 5 6] £tt;||flS|l1 2 7lrl4^aX^->SfS1 O 
3 X'Tk&ZHtzm 1 Trnim.<T>=r-$ A<A7J*4x-C#3 tj , 
-G)^IJl«CD-T— £*<Xt— *>Vm%^ 1 5C:j£t>*l 
i>o X-x— vfMffllfflS 1 1 5l4Zffl^lSfia)-x-^lzao- 
INT. U— ^3fcL0DSt#j£PA<aaX*t#lft 1 (Dft&kti:% 

feBC Ziix-x— vi i 3 1= J: y Tjax^tm ft i $z$475 

|S)l-^l!l*1±-5 (S1 1 1) „ CtDrtSgrote^IiJinx** 
#.ft1 ©*BH*tift-efc«. 
[0057] Jfelz.. U— +f ftjJM 1 O 1 t5>- t> U— tfJtL* 

fS7-f >5(ZgS|tt-r^ 0 U— 9 s 3tL0)«3fejSPI4JilDXM 

i ©WSBiciiifiLrLxSOTT?, jgiML3liIt£i42)Dx 
-f > 5 IzjB-p <fc 5 dXISX^— is 1 O 9 ^Y$ftXx— "J 1 

;a 5 £ 5 icjox^^ft i ©rtSBic^-r s <si 1 

3) „ 5tlt®S^l47jnx^ft 1 cortgpoj-p*.. 

[oo58] x^-y^si 1 i tmmi-LTMz 
tZMmCD^r—S' IzSo'LntTs U— tf3tL<OS3t*PA<*ax 
S**ftl a>rtS»a>ai®3f*3fi4:3S:sesi=. Z^x-x- 
i?i 1 3i=*ymx»fi*i &mjsfoiz.&mzitz> (S 
115), f U, X^r^^SI 1 3 irPl^llr LTjax 
*tmfti a)rtgBI-j§ltMaM«E*»J3E-rS (Si i 
7) . =©XT-y^-Ctt»lB«3B*«4<lnxa*ft1© 

[0 0 5 9] Ml:, ipx^mtli *«JSf^5-f >5 

i=?»oTBiif-scti=«fcy, sax^ft 1 *«wr* 

(SI 19) „ C^-lCfcy, iDX^tmftl ^->Ua>f 
[ooeo] *HJ£^co3afi*»l8-rs. *HJ£}^^ 
1 WrtSBlc^jt^P^^-l+T. /^UXU— tfjfeLS^OBf 

0 9-^YttXir-i?l 1 1 C.hlz.ky, * 
^P^^Bf^^^-OSlrjficr^SiS-a-CLNSo c 
*Ll=<*:y, 3lKIS^ («x.l4^ ; 5-y^^liE, jgiiiaia^ 

jbnx^mft 1 OWasiZ^^LTLNS. JDXjSt^ft(DtJBr 

flllE^S^i: LXWm^M^* >5 Kj&oTJiaxfcfgift 

1 ^»]^ci:lzj;y % tkSBt|/h***-cAox^fti 
«IBr^"S-«i:*tT-#^o c*Uc«fcy, *ax*f^ft 1 

S 3 lz«Jgr^S^ -f > 5 A> S.^fc^^^SixS^ 
* -fr -S C i: < jjOXMSft 1 ^ « Mr t Z> - 1 # -5 . 
[006 1] *HJ£}g||l=<fc^,f4. iDX^ftl 
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[0 0 6 2] lsi±RWLfc*5f=*S81S»lll=«fc*Ltf. 
inx*tft*|*| 1 3 (CtJ[Iif^S^ -f > 5 ^ b ttfttr^ 

»Kttil4i**lB36«* C & z t ft < % Jnxstfttt i 

>3&<»a**Ln^Jnx»ft»^. Elf^f 
^ x / \^M«a«a;ttit *<» j£ * Jifctf? * JtCa> cfc 
5f=«ffi^«^A>rxA^«*HT^4Jtiax»*!|ftiz 

xM^^tjj^^c:^lcJ:tj^M^^L^M« n « (Willi 

S) (D#BSy*ffl±S#*z£i<-T?*« 0 20 
[0063] *fc, **MMSi::J:*iri, Jpx»a«ai 

S^-f >5 0><B (zcDitlfi. #]^!£#^ft^x/\<3!>ig 

*<-c*«o c*u=«fcy* — aa>ax»jfc* 13^6 ftii 

[O O 6 4] *fc % ***»llf=**t«, i 
(D^BrJjQXfcU— tf*;£m*4<DT?. 4T-f K* * 

* SJHl*fc*-f j: y £*tttt2nx£n7|ft£:tt«, 30 
4»x.li. H2 3lc^fJ:5rc«orBf^£^-<>5 36<4»f3&: 
I^feott, **lfi^lBI=J:*ttf«0WJ!inX36<pr«64: 

[0 0 6 5] *fc % ^ftttVfllfZckjxaacKflK^AM- 
*fii(=»orat*cfe3f=*BE»rt-r«c:i:icj:tj. *px 

flflx.fi, »X»**1 OU— ifaoAlttlRjcO^ffi 

3^tt*»**t^»*^. jpxs«k*i36«a«i«*^6^ 

»ofcaK««3W-**:lt"T?f4JllX»** 1 <D«IKfi<B 40 
[0 0 6 6] 

Jox»**0)*BBlc»mf»«Bf^«5-f >fr 6*Mxfc« 
♦t3fl^±i:*Ztft<. inX»***«R*«Ci:tfT*# 
£ c cfcoT. JPX»ft**«l»fJ-*Ci:f=J;9ff«aF*L 



[oo6 7] Sfc. *aswfc«su— -ifjrax*afef3<fc4x 

li. tta©aK««s»^*ctircfcyj!rax»ftft* 
«Kr4«a>ejilfc<i:*«IJf*«^Lrt^*. tot, 

3taX»»*a>IIWWH«t»*#^»*»|cfcL^Tt,. *Q 
x»JWfcO)*0KA<Rnfifc«:4. 
[H90ffiJ£ftK91] 

[mi] *ss»»«ii^«*u— ymx^aizcfco-cu- 
if*pxitia>iinx»ftijB(©5FffiBi^fes 0 
[H2] Hi lc^J»x»ft*i(DII---IIttlc>GofcBT® 

[H3] **lfc»»f=**U— « t JPX»flfeI=J:SU--1f 

iDX«o>liax*ffti|jacospffiHT?fc*o 
ch 4 ] b 3 iz3K-rmx»jMfca> iv- iv«fz»o tw® 
mT*&£ 0 

[15] H3lc^lrax»ft*ia)V--Vttlz»ofcBf®H 

[H6] *SlJfi^ffifz«su— ifinx^a^cfcorfflBf 
[17] **ifi»iiic«*u— ifjnxssfticfei+amjii 

fci+sanxa*!ft(DBr®Bi-e&*o 

[H9] ^liIl^^b-ftoMa)l2I?Ifz 
fci+^JnxaftttcoBfffiH-efc-So 

[BIO] **Jfi»»c«*U— !fliPX35ttfl!)«3xa 
f=fc(+*lHIX*fft«DG)»f®Htffc* 0 

[mii] **is»*rz«*L/— tfipx^com4xff 
fc ft « ftix£HMfea>BfaH-e & « 0 
[§12] u— if jox^sic <t y «qk 

[mi 3] *jll£^»fz««u---1fliPXara«zfel+4L/ 

[mi 4] **«»«lZ««U--1fjBX*S6Sffl^'ClP 
X*HMM>rt»(Z* 5 ^^IW*aW»*4#LfclBX»*«B 

[mi s] mi 4i~7r:'f5^yom®frz>mxftz2^v 

[H16] «XlK»ttl=ff«U-^SlX^tt«ffll\-cln 
x»Mo>A«lc^7^^1li<^»A$AfeAix»M 

[11 7] ***»«|Z«*U— !«PX*tt*»L^-Cln 

[mi s] **is»«rz«*u— - jf»i*si:ttffl"c* 
« u— ifipx^Mo--«i]a)miBS^i?E^-efc^o 

[Hi 9] u— lf%(Dft«ja[tf]DXM*ttia)*BizttB 
LTU5ttttt«tH"C*4. 
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[122] *^l£^fc^^U-ifiOX^izJ:y^I®r 
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